A molecular method for detecting the epiphyte community on marine macroalgae was developed by using PCR-denaturing gradient gel electrophoresis. Selective amplification of 16S rRNA gene fragments from either cyanobacteria or algal plastids improved the detection of minor epiphytes. Two phylotypes of Acaryochloris, a chlorophyll d-containing cyanobacterium, were found not only on red macroalgae but also on green and brown macroalgae.
Acaryochloris species are unicellular cyanobacteria that contain chlorophyll (Chl) d as the predominant pigment (10) (11) (12) (13) (14) . The first isolate, Acaryochloris marina MBIC11017, was obtained as a symbiont in colonial ascidians from the tropical coast (10) . Recently, we discovered the epiphytic Acaryochloris sp. strain Awaji on the red macroalga Ahnfeltiopsis flabelliformis from the temperate coast (13) . This indicates that Chl d, which had been assigned to a product of red macroalgae (5, 7, 8) , was produced by the epiphytic Acaryochloris cells rather than the red algae themselves (13) (14) . Because of their small cell size and the simple morphology of the cyanobacterial epiphytes, a molecular method that enables detection and identification was required to analyze the distribution and diversity of epiphytic Acaryochloris spp. PCR-denaturing gradient gel electrophoresis (DGGE) has been used for the detection of environmental microorganisms in the last decade (1, 4, 6, 9, 16, 17) . We developed a molecular method for analyzing the epiphyte community on macroalgae.
Nine species of macroalgae, including seven red, one green, and one brown algae, were collected in June 2003 from the rocky seashore of Awaji Island, Japan, where Acaryochloris sp. strain Awaji was discovered on A. flabelliformis (13) . Individual samples were ground to fine powders in liquid nitrogen and transferred into a microtube containing 500 l of lysis buffer (100 mM Tris-HCl [pH 8.0], 50 mM EDTA, 500 mM NaCl, 1% CTAB [cetyltrimethylammonium bromide]) and 50 l of 10% sodium dodecyl sulfate. After incubation at 80°C for 5 min, 300 l of 10 M potassium acetate and 6 l of proteinase K (4 mg/ml) were added; the microtube was then incubated at 50°C for 60 min, put on ice for 20 min, and centrifuged at 4°C for 15 min at 16,000 ϫ g. The upper aqueous phase was transferred into a new microtube, and DNA was then extracted by general phenol-chloroform extraction, isopropanol precipitation, and ethanol precipitation. Amplification of partial 16S rRNA gene fragments was conducted with the primers shown in Table 1 . PCR was performed in a reaction mixture containing extracted DNA, primers, ExTaq polymerase (TaKaRa, Ohtsu, Japan), a deoxynucleoside triphosphate mixture, and 5ϫ Ampdirect-D and and 5ϫ AmpAddition-3 (Shimadzu Biotech, Kyoto, Japan). After incubation for 5 min at 95°C, 30 incubation cycles were conducted; each consisted of 1 min at 94°C, 1 min at 65 to 55°C (decreasing by 1°C during alternate cycles for the first 20 cycles), and 1 min at 72°C. PCR products (approximately 200 ng) were loaded onto 7% (wt/vol) polyacrylamide gels with a 20 to 40% denaturant gradient in 0.5ϫ TAE buffer. Electrophoresis was carried out at 60°C with a constant voltage of 200 V for 6 h using the DCode system (Bio-Rad, Hercules, CA). All individual DGGE bands were excised from the gels, and the gene fragments were then used as templates for sequencing reactions after PCR reamplifications as described above. The sequence similarities of individual bands to known sequences were compared by using NCBI BLAST (2). The sequences 
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a R (reverse) and F (forward) designations refer to primer orientation with respect to the rRNA. ‫,ء‬ a 40-nucleotide GC-rich sequence (5Ј-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G-3Ј) is attached to the 5Ј end of the forward primers; †, the reverse primer CYA781R was an equimolar mixture of CYA781R(a) and CYA781R(b).
b Escherichia coli numbering of the 16S rRNA nucleotides.
determined in the present study were deposited in the DDBJ database under accession numbers AB232058 to AB232080. We adopted the oligonucleotide primer set comprised of the forward primer CYA359F and the reverse primer CYA781R (Table 1) (18) . This primer set has been effectively applied for the community analysis of environmental cyanobacteria using PCR-DGGE (1, 3, 19, 20) . However, it could amplify only the 16S rRNA gene fragments from the plastids of host macroalgae (bands 2 and 7 in Fig. 1A , lanes CC) when the template DNAs from red macroalgae Ahnfeltiopsis flabelliformis and Caulacanthus ustulatus was used. The bands from epiphytes were below detection limits, although epiphytic diatoms and cyanobacteria were identified microscopically on the thalli of these macroalgae. The abundance of plastid DNA may have impeded amplification of partial 16S rRNA gene fragments from the epiphytes.
We rearranged the combination of primers to avoid the PCR bias caused by the predominant plastid DNA and found that the primer set of BAC341F, a bacterium-universal forward primer (15) , along with with CYA781R, could amplify 16S rRNA gene fragments of epiphytes together with those from the plastids of host macroalgae (Fig. 1A, lanes BC) . Furthermore, when the reverse primers CYA781R(a) and CYA781R(b) were used separately in combination with BAC341F, all bands that were observed in lanes BC came out more clearly in either lanes BCa or BCb (Fig. 1A) . In addition, two bands (bands 8 and 10) newly appeared, showing the improvement of the detection efficiency for minor epiphytes. Sequence analysis showed that all bands in lanes BCa (bands 1, 2, 6, 7, and 9) were originated from the plastids, and most of the bands in lanes BCb (bands 3, 4, 5, and 10) were from cyanobacteria. Band 4 was of Acaryochloris sp. strain Awaji (Fig. 1B and Table 2 ). Band 5 had 99.2% sequence similarity to the strain Awaji (Table 2) , suggesting the existence of an additional phylotype of epiphytic Acaryochloris species on these macroalgae. Band X was an artifact, giving no sequence. These results showed that CYA781R(a) exhibited a biased affinity to plastid. In contrast, CYA781R(b) had affinity especially to unicellular cyanobacteria, which was consistent with the results of Boutte et al. (3) . Therefore, parallel PCR amplifications with the BAC341F-CYA781R(a) and BAC341F-CYA781R(b) primer sets were useful for the detection of epiphytic cyanobacteria including Acaryochloris spp., as well as for the analysis of epiphyte diversity on macroalgae. We analyzed the epiphyte communities on the nine macroalgae by using the method described above (Fig. 2) . The BLAST search results for individual bands are listed in Table 2 . The epiphyte community on each macroalga differed even though these algae were collected from the same site, indicating the presence of some selection mechanism between those macroalgae and epiphytes. In contrast, the two phylotypes of Acaryochloris (bands 4 and 5) were detected in all BCb lanes except that of Chondria crassicaulis (Fig. 2) . This showed that Acaryochloris spp. existed widely not only on red macroalgae but also on green and brown macroalgae. The reason Chl d has been detected in red macroalgae might be that Acaryochloris cells tend to adhere to red macroalgae rather than the others.
In conclusion, we established a method for the detection of epiphytes on macroalgae using PCR-DGGE. This method and the results obtained in the present study are expected to facilitate a better understanding of the distribution of Acaryochloris spp. in the marine environment and of the epiphyte community on macroalgae.
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